Mon. Not. R. Astron. Soc. 000, [T]-?? (2002) Printed 2 March 2013 (MN WI^ style file v2.2) 



Probing the time variability of five Fe low broad 
absorption line quasars * 

Vn"; 

g M. Vivek^t, R. Srianand^, P. Petitjean^, P. Noterdaeme^, V.Mohan^, 
(N : A. Mahabal^ & V.C. Kuriakose^ 

5_j , ^Department of Physics, Cochin University of Science and Technology, Kochi 682022, India 

^ I' ^ Inter University Centre for Astronomy and Astrophysics, Pune 410007, India 

' ^ UPMC-CNRS, UMR7095, Institut d' Astrophysique de Paris, 98bis Boulevard Arago, 75014 Paris, France 

^ ^Caltech, MC 249-17, Pasadena, OA 91125, USA 

Accepted . Received ; in original form 

o' 

ABSTRACT 

(~| ■ We study the time variability of five Fe Low ionization Broad Absorption Line 

Q^l (FeLoBAL) QSOs using repeated spectroscopic observations with the 2m telescope 

at lUCAA Girawali observatory (IGO) spanning an interval of upto 10 years. We re- 
port a dramatic variation in Al ill and Fe ill fine-structure lines in the spectra of SDSS 
J221511. 93-004549. 9 (zcm ^ 1.478). However, there is no such strong variability shown 
. by the C iv absorption. This source is known to be unusual with (i) the continuum 

emission dominated by Fe emission lines, (ii) Fe ill absorption being stronger than Fe ii 
and (iii) the apparent ratio of Fe ill UV 48 to Fe ill UV 34 absorption suggesting an 
inverted population ratio. This is the first reported detection of time variability in the 
Fe III fine-structure lines in QSO spectra. There is a strong reduction in the absorption 
strength of these lines between year 2000 and 2008. Using the template fitting tech- 
' niques, we show that the apparent inversion of strength of UV lines could be related 

I to the complex spectral energy distribution of this QSO. The observed variability can 

be related to change in the ionization state of the gas or due to transverse motion of 
this absorbing gas. The shortest variability timescale of Al ill line gives a lower limit 
on the electron density of the absorbing gas as ng ^ 1.1 x 10''' cm^''. The remaining 
4 FeLoBALs do not show any changes beyond the measurement uncertainties either 
in optical depth or in the velocity structure. We present the long-term photometric 
light curve for all of our sources. Among them only SDSS J221511. 93-004549. 9 shows 
' significant (^s 0.2 mag) variability. 

^ ' Key words: galaxies: active; quasars: absorption lines; quasars: general; 

- - -' quasars: individual: (SDSS J030000.57-f 004828.0, SDSS J031856.62-060037.7, SDSS 

J083522. 77+424258.3, SDSS J084044.41+363327.8, SDSS J221511.93-004549.9) 
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1 INTRODUCTION 

Broad Absorption Li ne (BAL) quasars form ^ 20 - 40% of 
the QSO populatio n (Hcwctt & Foltz 2003; Rcichard ct al. 



20031: iTrump at al.li2006. : .Dai et al. 2008; Stalin et al...201l : 



Allen et al.iy201li r'and are characterized by the presence 
of br oad absorption lin es spreading over 5000 - 50000 km 
s"^ (|Green et al.l |200lj). BAL QSOs are further classified 
into three sub-groups based on the material producing 
the BAL troughs. High-ionization BALs(HiBALs) contain 



* Uses archival data based on observations carried out at the Eu- 
ropean Southern Observatory (ESO), under programmes 267. B- 
5698 and 71.B-0121. 
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strong, broad absorption troughs of highly ionized species 
such as C IV, O VI and N v and are typically identified 
through the presence of C iv absorption troughs. Low- 
ionization BALs (LoBALs) contain absorption from low- 
ionization species such as Mg ll, Al ll or Al in in addition to 
the standard absorption lines seen in HiBALs. The LoBALs 
comprise about 15% of the BAL population. A small sub- 
set of LoBALs with excite d-state Fe ll or Fe il l absorption 
are termed as FeLoBALs (|Wampler et al.lll995l '). Only 13% 
of the LoBALs (i.e 1% of the total BAL population) are 
FeLoBALs. The ca talog of BAL quasars in SDSS-DR3 by 
iTrump et all (|2006l ') has 138 FeLoBALs. As these QSOs are 
very rare, they are not a well studied population of BALQ- 
SOs. 
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Table 1. Log of observations 



QSO 


Instrument 


Date 


MJD 


Exposure Time 


A Coverage 


Resolution 


S/N"^ 










(mins) 


(^) 


(kms"-') 






SDSS 


29-09-2000 


51816 


45x1 


3800-9200 


150 


44 




SDSS 


29-11-2000 


51877 


50x1 


3800-9200 


150 


40 


J0300+0048 


SDSS 


23-10-2001 


52205 


45x1 


3800-9200 


150 


33 




IGO/IFOSC 7 


12-12-2007 


54446 


35x2 


3800-6840 


310 


5 




IGO/IFOSC 7 


27-12-2008 


54817 


45x8 


3800-6840 


310 


54 




SDSS 


15-01-2001 


51924 


80x1 


3800-9200 


150 


27 




IGO/IFOSC 8 


14-12-2007 


54448 


45x3 


5800-8350 


240 


10 




IGO/IFOSC 7 


09-01-2008 


54474 


45x3 


3800-6840 


310 


23 


J0318~0600 


IGO/IFOSC 8 


27-11-2008 


54797 


45x3 


5800-8350 


240 


21 




IGO/IFOSC 7 


31-01-2009 


54862 


45x4 


3800-6840 


310 


19 




IGO/IFOSC 8 


23-12-2009 


55188 


45x4 


5800-8350 


240 


19 
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SDSS 


19-11-2001 


52232 


48x1 


3800-9200 


150 


26 


J0835+4242 


IGO/IFORS 1 


14-12-2007 


54448 


45x3 


3270-6160 


370 


9 




IGO/IFOSC 7 


05-12-2008 


54805 


45x3 


3800-6840 


310 


21 




IGO/IFOSC 7 


21-01-2010 


55217 


45x3 


3800-6840 


310 


29 




SDSS 


15-02-2002 


52320 


50x1 


3800-9200 


150 


40 




IGO/IFOSC 7 


20-12-2006 


54089 


45x3 


3800-6840 


310 


8 


J0840+3633 


IGO/IFOSC 7 


12-12-2007 


54446 


45x3 


3800-6840 


310 


23 




IGO/IFOSC 7 


07-12-2008 


54807 


45x4 


3800-6840 


310 


26 




IGO/IFOSC 7 


17-12-2009 


55182 


45x6 


3800-6840 


310 


50 




SDSS 


04-09-2000 


51804 


53x1 


3800-9200 


150 


41 




VLT /UVES 


11-08-2001 


52145 


60x2 


3000-11000 


7.3 


43 




VLT/FORSl 


20-09-2003 


52902 


5x1 


3300-11000 


250 


62 




IGO/IFOSC 7 


31-10-2008 


54783 


45x3 


3800-6840 


310 


30 




IGO/IFOSC 7 


01-11-2008 


54784 


45x1 


3800-6840 


310 


23 


J2215-0045 


IGO/IFOSC 8 


01-11-2008 


54784 


45x4 


5800-8350 


240 


39 




IGO/IFORS 1 


02-01-2010 


55211 


45x1 


3270-6160 


370 


11 




IGO/IFORS 1 


04-01-2010 


55213 


45x3 


3270-6160 


370 


15 




MagE 


10-08-2010 


55431 


15x1 


3100-10000 


70 


16 




IGO/IFORS 7 


14-12-2010 


55557 


45x2 


3800-6840 


310 


7 




IGO/IFORS 7 


15-12-2010 


55558 


45x1 


3800-6840 


310 


9 




IGO/IFORS 7 


18-12-2010 


55561 


45x2 


3800-6840 


310 


11 




IGO/IFORS 1 


12-12-2011 


55920 


45x3 


3270-6160 


370 


14 




IGO/IFORS 1 


14-12-2011 


55922 


45x4 


3270-6160 


370 
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° calculated over the wavelength range 5800-6200A 



FeLoBALs are also found to be the most reddened ones 
among BAL quasars ( Rcichard ct al. 200i). The FeLoB- 
ALs are found to be extremely IR- luminous (|Farrah et al.l 
[2003), with IR luminosities comparable to those of Ultra- 
Luminous Infrared galaxies (ULIRG). Hence, FeLoBAL phe- 
nomenon could be considered as a transition stage in a 
ULIRG when the star burst is at or near its end, and 
the central QSO is starting to thr ow off its dust cocoon 
l|Voit et al.lll993l : lFarrah et al.ll2007l '). This scenario strongly 
favours the theory of BAL QSO to be an evolutionary stage 
in a quasar lifetime, rather than an orientational effect. The 
C IV BALs are referred to be located at a distance < 1 pc 
(e.g. ICapellupo et al.ll201ll ). However, ionization parameter 
and density estimates of some of the FeLoBALs are consis- 
tent wit h the absorbing gas a t ^ 1 kpc from the continuum 
sourc e jKorista et al. l l2008l : iMoe et al.1 l2009l: iDunn et al.1 
I2OIOI : iBautista et 111120101 : iFaucher-Giguere et al.l 120121 ). 
This together with very small inferred thickness of the cloud 
prompted Faucher-Giguere et al. to suggest that FeLoBALs 



must be formed in situ at large radii through interaction of 
QSO blast wave in the interstellar medium (ISM) of the host 
galaxy. In this scenario the time evolution of the post shock 
gas will be seen as the absorption line variability. 

Repeated BAL monitoring studies could greatly help us 
in understanding the location and physical conditions in the 
absorbing gas and the physical mechanisms responsible for 
quasar outflows. Time variability of Si iv and C iv BALs in 
individual s ources has b een reported in several BAL QSOs: 
Q130 3+308 jFoltz et al.| l987'). Q 1413+ 113 ( Turnsh ok et al.1 
llQSSi ). Q1246-057 ~(|Smith fc PenstonI 1 19881), UM 232 



Barlow et al]|l989l). QSO CSO 203 llBarlow et al.1 Il992l ). 



Tol 1037-270 



CHamann ot al. 



Srianand fc PetitieanI I2001I ). J1054-h0348 
20081) and F BQS J1408-H3054 (|Hall et al.1 



I2OII). Lundg ren et al-l |[2003) have reported significant time 
variability among a sample of 36 C iv BALs on re st frame 
timescales shorter than 1 year. iGibson et al.l (|2008l ) also re- 
port a similar result in a sampl e of 13 quasars (1.7 ^ z ^ 
2.8) over 3-6 (rest frame) years. iGibson et all (|2010l ) mves- 
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tigated the C iv BAL variability of 14 sources at redshifts 
> 2.1 and report complex variations in the sample. In these 
cases, change in the rest equivalent width of absorption lines 
are used as an indicator of variability. This requires con- 
tinuum fitt ing that is in general a mbiguous in the case of 
BALQSOs. ICapellupo et^ (120111 1 have studied C iv BAL 
variability in 34 luminous QSOs over short (4-9 months) and 
long (3.8-7.7 years) timescales. They use flux differences be- 
tween two epoch data at the absorption trough to quantify 
the variability. However, no such studies are reported for the 
LoBALs and in particular there is no case reported showing 
the variability of absorption lines originating from excited 
fine-structure levels in the case of BALQSOs. 

QSO feedback plays an important role in the evolu- 
tion of the host galaxy. If FeLoBALs represent a transition 
state (or post shock ISM gas) as discussed above, then re- 
peated spectroscopic monitoring of these sources will shed 
light on the evolutionary scenarios of QSOs. In this pa- 
per, we report the nature of time variability in a sample 
of five FeLoBAL quasars. This is a sub-sample of our on- 
going spectroscopic monitoring campaign on time variabil- 
ity of absorption lines in a sample of 27 LoBAL quasars. 
Three of the sources, SDSS J030000. 57+004828.0 (hereafter 
SDSS J0300-f0048), SDSS J031856.62-060037.7 (hereafter 
SDSS J0318-0600) and SDSS J221511.93-004549.9 (here- 
after SDSS J2215-0045) are from the 23 Sloan Digital Sky 
Survey (SDS S) Early Data R elease (EDR) listed quasars 
identified by iHall et all (|2002l) as BAL quasars exhibiting 
various unusual properties. The other two sources are SDSS 
J083522. 77+424258. 3 (hereafter SDSS J0835+4242) and 
SDSS J084044.41+363327.8 (hereafter SDSS J0840+3633). 

This manuscript is arranged as follows. In section 2 we 
provide details of observation and data reduction. Discussion 
on individual sources in our sample are presented in Section 
3. Implications of the variability seen in SDSS J2215-0045 
are presented in section 4 and the main results are summa- 
rized in Section 5. 



2 OBSERVATION AND DATA REDUCTION 

Most of the new observations presented here were carried 
out using the 2m telescope at lUCAA Girawali observatory 
(IGO). The spectra were obtained using the lUCAA Faint 
Object Spectrograph (IFOSC). The detailed log of these ob- 
servations together with that of the archival SDSS data and 
the data from the literature are given in Table [T] Spectra 
were originally obtained mainly using three grisms, Grism 
1, Grism 7 and Grism 8 of IFOSC in combination with 1.5 
arcsec slit. This combinations has a wavelength coverage be- 
tween 3270 - 6160 A, 3800 - 6840 A and 5800 - 8350 A for 
the above three grisms respectively. Typically the observa- 
tions were split in to exposures of 45 minutes. All the raw 
frames were processed using standard IRAfQ tasks. One di- 
mensional spectra were extracted from the frames using the 
"doslit" task in IRAF. We opted for the variance- weighted 



^ IRAF is distributed by the National Optical Astronomy Obser- 
vatories, wliicli are operated by tiie Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 



extraction as compared to the normal one. Wavelength cal- 
ibrations were done using standard helium neon lamp spec- 
tra and flux calibrations were done using a standard star 
spectrum observed on the same night. Air-to- vacuum con- 
version was applied before adding the spectra. Individual 
spectra were combined using weighting in each pixel 

after scaling the overall individual spectra to a common flux 
level within a sliding window. The error spectrum was com- 
puted taking into account proper error propagation during 
the combining process. 

Our IGO spectrum of J2215-0045 taken in 2008 has 
shown dramatic variability as compared to the archival 
SDSS spectrum. To confirm this trend we obtained a mod- 
erate resolution echellete spectrum of the source using the 
Magellan Echellette (MagE) Spectrograph mounted on the 
Clay (Magellan II) telescope. We used 1 arcsec slit and 1x1 
binning for our observations. The available grating in com- 
bination with the 1 arcsec slit gives a resolution of R=4200 
and wavelength coverage of 3000-10000 A. Spectrophoto- 
metric standards were also observed for flux calibrations. 
MagE Data was reduced using the MagE Spectral Extractor 
(MASE) pipeline {JBochanski et al. 2009 ). MASE is an IDL 
based pipeline containing a graphic user interface (GUI) for 
reducing MagE data. VLT-UVES data (Program ID: 267.B- 
5698) taken on 2001 is available for this source in the VLT 
archive. We also used the VLT-FORSl data (Program ID: 
71.B-0121) obtained for this source in 2003 and mad e avail- 
able to us by Dr. DiPompeo (jDiPompeo et al.ll201ll ). 

In Fig. [T] we plot for all our sources Johnson's V magni- 
tude from the Cat alina Real-Time Transient Survey (CRTS; 
I Drake et al.l (|2009l )) as described below. CRTS operates with 
an unfiltered set up and the resulting magnitudes are con- 
verted to V magnitudes using the transformation equa- 
tion V=Vi„s+a(v)+b(v)*(B-V), where, Vins is the observed 
open magnitude, a(v) and b(v) are the zero point and the 
slope. The zero point and slope are obtained from three or 
more comparison stars in the same field with the zero point 
typically being of the order of 0.08. CRTS provides four 
such observations taken 10 minutes apart on a given night. 
For our lightcurves we have averaged these four points (or 
less if one or more of those coincided with bad areas) and 
plotted those against the modified Julian date (MJD). The 
data used in these light curves are taken between April 2005 
to July 2010. The dotted vertical lines show the epochs of 
our spectroscopic observations. For, J2215-0045, we could 
get the photometric data since 2004. The first point in the 
light curve for this source is obtained using g and r mag- 
nit udes in the SDSS a nd the transformation equation given 
bv IJester et all (120051 ) for QSOs at z ^ 2.1. For the other 
three sources we did not transform the SDSS magnitudes to 
Johnson V magnitude as g and r band fluxes are affected 
by strong broad absorption lines. For all the sources, we 
have overplotted the average magnitudes obtained for closely 
spaced observations. The period over which the magnitudes 
are averaged are shown by x-axis error bars. 

From the light curves, it is clear that continuum vari- 
ability is apparent in all the sources. However, continuum 
variability at the level of > 0.2 mag is seen only in the case 
of J2215-0045. The source has brightened by 0.3 mag when 
we consider only the CRTS points. The brightening could be 
up to 0.5 mag when we also include the transformed SDSS 
mag. 
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Figure 1. Light curves of five FeLoBAL quasars in tiie sample. Tlie dotted vertical lines mark the epochs (MJDs) of spectroscopic 
observations. The average magnitudes obtained for closely spaced observations are overplotted as points with error bars for all sources. 
The X axis error bars corresponds to the time range over which the magnitudes are averaged. 



3 NOTES ON INDIVIDUAL OBJECTS 

In this section, we summarize the properties of individual 
absorbers in our sample and discuss our monitoring results. 

3.1 SDSS J0300+0048 

SDSS J0300+0048 (2om=0.8918) is part of a binary QSO 
with SDSS J025959. 69+004813. 5 (zcm=0.8923), a non-BAL 
QSO at a projected separation of 19.8 arc sec. It is only the 
fourth QSO known to have a Ca ll BAL trough. The outflow 
is blue shift ed by 165 kms ~^ from the systemic redshift 
of the QSO. iHall et all (|2003l ') obtained the high resolution 
UVES spectrum of this source and found that extremely 
broad Mg ll, Fe ll and its fine-structure line absorptions are 
also present along with the strong Ca ll absorption. They 
also found that the lowest velocity BAL region has a strong 
Ca 11 absorption without significant associated excited Fe ii 
absorption, while the higher velocity excited Fe II absorption 
region has very little Ca ll absorption. The reported Ca ll, 
Mg II and Mg I column densities are very high and the cor- 
responding gas phase metallicity is found to be fifteen times 
the solar value. Compar ing this large col umn densities to 
that of QSO J2359-1241. [Hall et all (20031 ) argued that this 
source must have a strong hydrogen ionization front where 



the Ca II exists outside the H I front. As the lowest ion- 
ization gas is found at lowest velocities, they explained the 
detached flow in SPS S J0300-)-0048 by t h e radi atively driven 
disk wind model by [Murray fc Chian3 (|l995l ) . Apart from 
the BAL, there is a narrow associated absorption system 
detected by Ca ll, Mg ll, Mg I a nd Fe ll lines at a redshift 
of 2abs=0.8918. iHall et al.l (120031 ) have also suggested that 
the optical part of the QSO continuum is dominated by the 
Fe II and Fe ill emission line blends. An important feature of 
this spectrum is that the flux values never return to the con- 
tinuum values (as shown by .Hall et al . 2003) shortward of 
the rest wavelength 3000 A (Aots ~ 5675 A). Also emission 
bumps seen around the rest wavelength range 3000-3300 A 
{Xobs ~ 5675 - 6240 A) are consistent with them being dom- 
inated by Fe emission. 

In Fig. [5] we compare different SDSS and IGO spectra 
with the reference SDSS spectrum observed on MJD 51877. 
The spectra are aligned by a simple scaling of the mean 
flux. The spectral ranges covered by absorption of different 
species are marked with horizontal lines in each panel. It is 
clear from the Fig.[2]that there are additional absorption at 
the rest wavelength of Xobs ~ 4950 A that cannot be accom- 
modated by the Fe ii UV63 absorption. This could be due 
to an additional blue shifted Mg ll component not identified 
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Figure 2. Spectra of SDSS J0300+0048 observed in SDSS (observed on MJD 51816,52205) and IGO (observed on MJD 54446,54817) 
(in red/gray) are overplotted with the reference SDSS spectrum (black) observed on MJD 51877. The flux scale apphes to the reference 
SDSS spectrum and all other spectra arc scaled in flux to match the reference spectrum. In each plot the error spectra are also shown. 
The difference spectrum for the corresponding MJD's are plotted in the lower panel of each plot. 1 a error is plotted above and below 
the mean. The regions of absorption lines are marked with horizontal lines. 



bv lHall et all l|2003h . The corresponding Fe ll UV2 absorp- 
tion can explain the absorption trough at Xots ~ 4950 A 
seen in Fig. [5] In bottom of each panel we show the dif- 
ference between the two spectra plotted in the upper part 
together with the associated errors estimated from the er- 
ror spectra. If required, in order to take care of spectral 
slope differences, we have fitted a lower order polynomial 
to the difference spectra considering regions that are de- 
void of absorption lines. For all the sources, the spectra are 
smoothed by 5 pixels for better presentation. However, the 
unsmoothed spectra are used for obtaining the difference 
and ratio spectrum. 

The two epoch SDSS data and our IGO spectrum ob- 
tained in year 2007 (MJD 54446) are nearly consistent with 
the reference SDSS spectrum within measurement uncer- 
tainties. We do not find any significant deviations in the dif- 
ference spectra at the locations of strong absorption lines. 
However, it must be remembered that Mg ll and Fe ll tran- 
sitions are highly saturated. Therefore, we may not be able 
to detect small column density variations. However, part of 
the absorption by Fe ll fine-structure transition UV 63 is 
unsaturated. So, if there is any variability we should have 



detected the same. From Fig. [2] it is clear that even this 
transition does not show any detectable variability. 

However, the plot suggests some differences between the 
SDSS and IGO spectrum obtained in the year 2008. This is 
evident from the fact that the feature around Xobs ~ 4700 
A is consistently stronger in the IGO spectrum. The differ- 
ence spectrum is found to be consistently above zero over 
200 pixels suggesting an excess at > 10 cr level. As discussed 
before, this part of the spectrum never recovers to the ex- 
pected continuum level and therefore is subject to some ab- 
sorption. This could be Fe llA2600 absorption of the possible 
blue component discussed above. Similarly, we see significant 
deviation at A 5500 A. The continuum emission in this re- 
gion is dominated by Fe ll and Mg ll emission. Therefore the 
variability is not related to absorption line variability. 

So, we conclude that major part of BAL absorption 
lines of SDSS J0300-I-0048 t hat contains Fe ii fine stru cture 
and Ca ll (as identified by iHall fc HutsemekersI |2003| ) has 
not varied significantly over a time period of ~ 4.2 years in 
the quasar rest frame. From Fig. [TJ we notice that on an 
average the V magnitude of this QSO remained same with 
in 0.05 mag over several years. Thus the photoionization in- 
duced variability is not expected as well. However, we report 



6 M. Vivek et al. 





6500 TOGO -7500 8000 

Obser-ved Waivelength(A) 




6500 -7000 7500 SOOO 

Observed Wavelength (A) 



Figure 3. Spectra of SDSS J0318-0600 from observed at different epochs at IGO (plotted in red/gray) are overplotted witli the reference 
SDSS spectra (black). The flux scale applies to the reference SDSS spectrum and all other spectra are scaled to match the reference 
spectrum in continuum. In each plot the error spectra are also shown. The difference spectra for the corresponding epoch together with 
the associated errors are plotted in the lower panel of each plot. The regions of absorption lines are marked with horizontal lines. The 
regions of strong telluric absorption are marked by crossed circles . 



the possible variation of the bluest component. Future mon- 
itoring observations are needed to confirm the nature of the 
noted variability. 



3.2 SDSS J0318-0600 

SDSS J0318-0600 is a bright, reddened FeLo BA L of emission 
redshi ft Zc-m~ 1.9669. Bautista et al. (2Q10|) andU unn et al.l 
(|20ld ) studied the high resolution VLT spectrum of this 
source and identified 11 absorption components spanning a 
velocity range of —7400 to —2800 km s~^with the absorbing 
clouds fully covering the emitting regions of the background 
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Figure 4. Spectra of SDSS J0835+4242 from IGO (red) epochs are overplotted with the reference SDSS spectra (black). The flux scale 
applies to the reference SDSS spectrum and all other spectra are scaled to match the reference spectrum in continuum. In each plot the 
error spectra are also shown. The difference spectra for the corresponding epoch together with the associated errors are plotted in the 
lower panel of each plot. The regions of absorption lines are marked with horizontal lines. The regions of strong telluric absorption are 
marked by crossed circles. 



QSO. From photoionization models, they report super-solar 
abundances, an electron density of lO'^-^*"-^ cm~^ and the 
distance from the emission source to the strongest compo- 
nent as 6±3 kpc. The ratio of measured kinetic to bolo- 
metric luminosities is large enough to consider this out- 
flow a significant contributor to quasar feed back mechanism 
l|Faucher-Giguere et al.ll2012l ). The observed IGO spectra at 
various epochs are overplotted with the reference SDSS spec- 
trum (MJD 51924) in Fig. (gj. The BAL trough has multi- 
ple narrow components covering a large wavelength range. 
We identify four distinct components at Zabs= 1.895, 1.911, 
1.927 and 1.941 with the strongest component being at Zabs^ 
1.927. The spectrum has well defined absorption structures 
of Si IV, C IV, Al II, Al III, Mg II, Fe ll and its excited states. 

Individual components of C iv and Mg ll lines are satu- 
rated (see Figure 3 of Dunn et al. 2010). As the line widths 
are close to our spectral resolution, we smoothed the SDSS 
spectrum to IFOSC resolution for comparison. Some of the 
variations seen in the case of Fe llA2600 and Fe llA2383 are 
mainly due to atmospheric absorption that were not cor- 
rected in the IFOSC spectra. These regions of strong telluric 
absorption are marked in the spectra by crossed circles. 

The prominent absorption components are labeled in 



Fig. |3] and the extent of the absorption are shown with hori- 
zontal lines. We notice continuum shape differences between 
IGO and SDSS spectra. To take care of this we fit a smooth 
lower order polynomial to the difference spectrum avoiding 
the absorption line regions and regions affected by telluric 
lines. It is clear from the bottom part of each panel that there 
is no significant deviation spread over the wavelength range 
covered by absorption in any of the cases. Strong deviations 
are seen only in regions where there is telluric contamina- 
tions in our IFOSC spectrum. 



Hence, we conclude that SDSS JQ318-Q6QQ shows no 
significant variability over a time scale of 3 years in the 
quasar rest frame. The light curve presented in Fig. [1] sug- 
gests a smooth dimming of the QSO (by < 0.1 mag). Our 
IGO spectra have slightly low continuum flux compared to 
SDSS spectrum in the wavelength range 6000-7000 A. This 
could be related either to the uncertainty related to extinc- 
tion corrections or spectral variability of the QSO. However, 
this does not affect our conclusion regarding the absence of 
variability in the absorption lines. 
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Figure 5. Spectra of SDSS J0840+3633 from IGO (red) epochs are overplotted with the reference SDSS spectra (black). The flux scale 
applies to the reference SDSS spectrum and all other spectra are scaled to match the reference spectrum in continuum. In each plot the 
error spectra are also shown. The difference spectra for the corresponding epoch together with the associated errors are plotted in the 
lower panel of each plot. The regions of absorption lines are marked with horizontal lines. The regions of strong telluric absorption are 
marked by crossed circles. 



Table 2. Equivalent width measurements for absorption lines 
seen towards SDSS J0835+4242: 



Spectrum 



Mg II 



Equivalent widths 

(A) 

Mg I Fe II 

A2586A 



Fe II 
A2382A 



SDSS 4.1±0.2 0.7±0.2 

IGO-2007 4.5±0.3 0.6±0.2 

IGO-2008 4.5±0.3 0.6±0.2 

IGO-2010 5.6±0.2 0.5±0.2 



5.2±0.3 10.7±0.3 

5.5±0.7 11.5±1.0 

6.2±0.9 11.4±1.4 

4.5±0.2 11.2±0.9 



3.3 SDSS J0835+4242 

The redshift of this BAL QSO is z^^= 0.810. Fig. H shows 
the comparison between the reference SDSS and IGO data 
for SDSS J0835+4242. IGO data acquired in the year 2010 
(MJD 55217) has slightly lower resolution compared to the 
data taken in 2008 (MJD 54448). The differences between 
IGO and SDSS spectra seen in the top panel of Fig. [4] are 
mostly a consequence of this. The spectrum contains strong 
absorption hnes from Mg ll, Mg I, Mn II, Ni ll and Fe ll 
multiplet lines like Fe llA2586, Fe llA2382, Fe llA2344 and 



excited UV 64. Mn iiA2576 is blended with the Fe nA2586. 
The quasar has strong absorption troughs that reach peak 
depth at 2:abs= 0.805. Like the previous system the absorp- 
tion trough is resolved into multiple narrow components. 
Additional Mg ll absorption systems are also seen at 2:abs = 
0.800 and Zabs^ 0.769. The associated ground state Fe ii 
lines for these two systems are not detected clearly in our 
spectrum. As absorption lines are narrow, the continuum 
can be well defined. So, we measured the total equivalent 
widths of Mg II, Mg I and the blends near Fe nA2586 and 
Fe nA2382. The results are summarized in Table [21 The 
quoted error in the equivalent widths also includes uncer- 
tainties associated with the continuum placement calculated 
using repeated continuum fits. This table also confirms the 
lack of significant (ie. > 5 a level) absorption line variability. 



We conclude that absorption in SDSS J0835-I-4242 has 
not varied significantly over the time period of 4.97 years in 
the quasar rest frame. The fight curve presented in Fig. [1] 
also suggests that on an average the QSO has not varied in 
its brightness by more than 0.1 mag. 
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3.4 SDSS J0840+3633 

SDSS J0840 +3633 is one among the first known radio loud 
BAL QSOs ( Becker et aP 1 19971 ). In the discovery paper, 
I Becker et al.l ( 19971 ) pointed out the correlation between the 
column densities of low ionization clouds and radio emissions 
for 3 LoBALs and went on to suggest that LoBALs may 
be transitio n objects between radio loud and radio quiet 
BAL QSOs. iBrotherton et all (Il997l ') performed the spec- 
tropolarimetry of this source and found it to be a highly 
polarized BALQSO where the continuum polarization rises 
steeply toward shorter wavelengths while keeping a con- 
stant position angle in the continuum. They consider scat- 
tering as the likely polarization mechanism, with the effects 
of some combination of dust and dilution leading to the 
wavelength dependences seen. Their studies showed that 
SDSS J0840-I-3633 has unpolarized emission lines and in- 
creased polarizations in its BAL troughs but complex po- 
larization behavior across its narrow metastable troughs. 
Ide Kool et al] (|2002l ') studied the KECK/HIRES spectrum 
of this quasar. Their spectrum reveals outflowing gas with 
two main components. The physical conditions in the two 
components are found to be significantly different. This is at- 
tributed to the difference of a factor of ~ 100 in the distance 
from the central source. The low velocity gas has absorption 
from excited states which indicate low density. Assuming UV 
fluorescence as the possible excitation mechanism, they es- 
timate the distance between the low velocity absorber and 
the active nucleus to be ~230 pc. The high velocity high 
density gas gives rise to strong Fe ill and Al in lines. The 
estimated distance between this gas and the nucleus is ~ 1 
pc. 

Each panel of Fig. [5] shows the IGO spectrum obtained 
at different epochs overplotted with the reference SDSS 
spectrum. The spectrum is completely dominated by ab- 
sorption lines from Mg ii, Ni ii, Cr ii, Al ill. Si ii, Al ii 
and excited states of Fe ii and Fe iii. The unabsorbed Mg ii 
emission gives the emission redshift to be 1.230. The BAL 
troughs are nearly saturated and the continuum is heavily 
absorbed. The low velocity Mg ll absorption component has 
a redshift of Zabs= 1.225 and the troughs extends to a veloc- 
ity of about 4000 km s~^. Excited states of Fe ll comprises 
of UV63 lines and that of Fe ill comprises of UV34 lines. 

From the difference spectrum plotted in the lower half 
of each panel, we see no consistent variations in Mg ll, Fe ll, 
or Fe III absorption lines. However, the difference spectra 
have a smooth curvature suggesting a possible differences 
in the continuum. So, we conclude that the BALs in SDSS 
J0840-I-3633 has not varied by an appreciable amount over 
a rest frame time period of ~ 4 years. From the light curve 
presented in Fig. [T] we notice a gradual increase in the V- 
magnitude of the QSO. But the changes are within 0.05 
mag. This, together with the strong saturation of the BAL 
troughs, could be the reason for the lack of line variability. 

3.5 SDSS J2215-0045 



This is one of the peculiar QSOs identified by iHall et aP 
l|2002h with strong Fe ill UV48A2080, UV34A1910 and Al iii 
absorption lines in addition to the strong C iv broad absorp- 
tion line at 2abs~ 1.36. Fe ll lines are absent and the QSO 
continuum seems to be dominated by the broad emission 



from Fe ll and Fe ill. This is supported by the fact that the 
QSO continuum does n ot have strong intrinsic polarization 
(jPiPompeo et aLllioTl] ). The associated Mg ll absorption 
coincides with the 2670 A break of the Fe emission tem- 
plate thus its strength can not be accurately measured. The 
three unusual aspects of this QSO are (i) the lack of Fe ii 
absorption while absorption from Fe ill fine-structure levels 
are clearly detected (ii) the Fe ill UV48 (EP=5.08 eV) ab- 
sorption line being stronger than the Fe ill UV34 (EP=3.73 
eV) which is unphysical under LTE assumption and (iii) the 
emission lines are weak and the redshift of the QSO is de- 
termined by a weak and narrow Mg ll line at «em= 1.478. 

In addition to the broad absorption lines discussed 
above, a narrow associated absorption line system is de- 
tected at redshift 2abs= 1.4752 based on the presence 
of Mg iiAA2796,2803, Fe iiAAA2600,2586,2382, Si iiA1526, 
C IIA1334 in the VLT/UVES data. Fe llA2344 line falls in 
the red edge of the Na Di and D2 lines from our galaxy. 
No absorptions from excited levels like C 11* A1335 or Si 11* 
A1533 are detected in the spectrum. The VLT/UVES spec- 
trum reveals a second C iv narrow absorption system at a 
redshift Zshs= 1.07464. The associated Si iv is beyond the 
UVES coverage and other associated absorption lines are 
not detected for this second system. We are unable to con- 
firm these narrow lines in our other datasets due to poor 
spectral resolution. Hence, we are limited to carry out the 
time variability studies for the broad absorption line s only. 

Based on photoionization models Ide Kool et all (j2002l ) 
have shown that Fe ill column density being higher than 
that of Fe 11 can be easily produced in a high density outflow 
(log nH(cm~^) 10.5 for ionization parameter log U~ —2) 
with A'^(H) in a narrow range such that the outflow is con- 
stituted only by a Fe lll+Al ill zone without having the low 
ionization zone that usually contains Fe 11. iRoeerson et al.l 
(2011) have not detected X-ray emission from this source 
in their Chandra observations. They found the logarithm 
of the ratio between the 2 keV (I2 kev ) and 2500A(1 ^ = ) 
rest frame specific luminosities, Oox ^ —2.45 and an absorp- 
tion column of iV(H) ^ 3.4x10^" cm"^. They argued that 
the optical absorption originates from different gas than the 
one that produces X-ray absorption. Lym an-g photons can 
pump Fe IIIA1914 (| Johansson et al.ll2000h . This process may 
explain the weakness of UV34 absorption. On the contrary 
due to strong Fe 11 emission at 1800 A and the lack of emis- 
sion at 2000 A the observed spectrum may be consistent 
with both Fe ill UV 48 a nd UV 34 being saturated with a 
covermg factor of 0.35 fsee lHall fc Hutsemekerll2003l '). From 
Fig. [1] we see that this is the source with appreciable flux 
variability in our sample. 

While the QSO looks normal in the observed wavelength 
range ^ 6OOOA there a re clear reddenin g signatures in the 
blue. As pointed out bv lHall et al.l (|200j ) continuum of this 
QSO in the wavelength range between 5000-9000A is dom- 
inated by Fe 11 and Fe ill emission. Fig.[6]shows the spectral 
energy distribution fitting of SDSS J2215-0045 observed on 
MJD 51804. We fit the observed spectrum /(A) with the 
template spectrum /t(A) using the following parametriza- 
tion, 



/(A) 



a/t(A) + 6 



(1) 



We use the x " minimization to get the best values for 




Figure 6. Fitting the spectral energy distribution of SDSS J 2215-0045 observed on MJD 51804. The prominent absorption and emission 
lines are identified with ticks and dotted lines respectively. The wavelength bins used for the fitting are shown as horizontal lines in the 
bottom panel. The top and middle panels show the best fitted continuum using the spectra of J0923-I-5745 and J0737-I-0923 as templates 
respectively. The SED is well fitted when we use the spectrum of J0737-I-0923 as the template. The shaded regions in the middle and 
bottom panels show the wavelength range affected by absorption in the spectrum of J0737-I-0923. We use the spectrum of J0923-I-5745 
to reconstruct the SED in these narrow wavelength range. Fit to the spectrum of SDSS J2215-0045 using this hybrid template is shown 
in the bottom panel. 



parameters a, b, a and t\. The second term in the above 
equation is to take care of the spectral index differences be- 
tween the observed and the template QSO spectra. The dust 
optical depth 'ta' is obtained for the SMC like extinction 
curve. The fitting me thod is similar to the one described in 
ISrianand et al.l (|2008l ). The wavelength ranges used for the 
fitting are shown as horizontal segments in the top panel. 
The spectrum has absorption from resonance lines like Mg ll, 
Al II, AI III and fine structure lines Fe ill UV 34 and Fe ill 
UV 48. C IV and Si iv BAL are seen in the VLT/UVES spec- 
trum which has a good coverage in the blue. The position 
of absorption lines are indicated by vertical marks in Fig. [6] 
The emission spectrum is illustrated by a dotted line. The 
top and middle panels show the best fitted continuum us- 
ing the spectra of significant iron emitters J09234-5745 and 
J0737-I-0923 as templates respectively. The SED is well fitted 
when we use the spectrum of J0737-I-0923 as the template. 
The shaded regions in the middle and bottom panels show 
the wavelength range affected by absorption in the spectrum 
of J0737-I-0923. We use the spectrum of J0923-I-5745 to re- 
construct the SED in these narrow wavelength range. Fit 



to the spectrum of SDSS J2215-0045 using this hybrid tem- 
plate is shown in the bottom panel. The SED fitting results 
in a E(B-V) value of -0.083 for the SDSS spectrum. The plot 
shows that the actual continuum follows the hybrid template 
reasonably well. 

A weak Al ll absorption is detected at the redshift of the 
Al III and Fe il l lines. Al i l l abso rption seems very strong. As 
pointed out bv lHall et all (|2002l ') the Fe ill UV34 blend seems 
to be weaker than UV48, if we use a smooth continuum to 
SDSS J2215-0045. However, it is clear from Fig.[n]that ap- 
parent weakness of UV34 may be related to the shape of the 
QSO spectral energy distribution that shows a strong dip at 
the location of Fe ill UV48 absorption. The hybrid template 
used above suggests a stronger [C ill] emission line com- 
pared to what is observed for SDSS J2215-0045. Removal 
of this contribution may further reduce the continuum level 
compared to what is observed for SDSS J2215-0045. There- 
fore apparent inconsistencies could be the artifact of the 
unknown continuum shape and need not be related to the 
population inversion by some non-equilibrium process. Fig. [7] 
shows the spectra obtained at different epochs overplotted 
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Figure 7. Spectra obtained for SDSS J2215-0045 at different epochs (together with the error spectra) are overplotted with the fit 
obtained for SDSS using the hybrid template. The prominent absorption and emission Unes are identified with ticks and dotted lines 
respectively. The wavelength bins used for the fitting are shown as horizontal lines in the bottom panel. Regions of telluric absorption 
are marked with crossed circles. The shaded regions in all the panels show the wavelength range affected by absorption in the spectrum 
of J0737+0923. 



with the fit obtained for the SDSS data using the hybrid 
template. 

Fig. |S] shows the variability in the absorption lines of 
SDSS J2215-0045 between the different epoch data. In the 
top panels, we have overplotted the SDSS, VLT, IGO and 
MagE data. The plot clearly shows the variations in flux in 
the region of Al ill, Fe ill UV 34, Fe ill UV 48 and Mg ll 
absorption lines. In order to quantify the optical depth vari- 
ability in Fig. |S] we plot ratio of spectra between different 
epochs together with the associated errors. It can be seen 
that there is signiflcant variability in Mg ll, Al ill, Fe ill UV 
34 and Fe ill UV 48 absorption lines. The absorption lines 
have maximum strength in the SDSS spectra. All the later 
epochs show decrease in the optical depth with respect to 
the SDSS data. The lines decreased in optical depth more 
significantly in the 2008 IGO spectra. However, observations 
made after 2008 show that both MagE data and IGO data 
are consistent with no variations in the absorption line op- 
tical depths. Al II absorption is not covered by our IGO 
spectra. It is clear from Fig. [7] that at the locations Al ill, 
Mg II and Fe lll UV absorption lines, the observed spectra 
after the year 2008 just follow the template. This means that 
the data is consistent with the disappearance of absorption 



seen in the SDSS spectrum. We also notice that the weak 
Al II absorption seen in SDSS spectrum has also disappeared 
in our MagE spectrum. In Table [3] we give the average ratio 
measured between different epoch spectra at the wavelength 
range covered by Fe ill UV 34 and 48 lines. If there are no 
optical depth variation, the average ratio is 1. This table 
confirms the visual trend seen in Fig. [S] 

A strong C iv absorption is detected in the spectra cov- 
ering Xobs < 4000 A. Fig. [5] shows the normalized spectrum 
in the vicinity of C iv absorption line which is covered in 
the VLT/FORSl, VLT/UVES, MagE and the IGO/FORSl 
data. As C iv falls in a region which is free of Fe emission, we 
fitted a low-order polynomial connecting the absorption free 
regions close to the C iv line for continuum normalization. 
We notice the C iv absorption is much broader than that 
of Al III (or Al ll). This suggests that the two species may 
originate from two different regions (i.e., two distinct com- 
ponents of a co-spatial multiphase structure or from gas at 
distinctly different locations) . The Si iv line falls at the edge 
of the MagE spectrum and is not covered by VLT/FORSl. 
From the figure, it can be seen that C iv has not changed 
significantly as the low ionization lines. It is also interesting 
to note the C iv line does not go to zero. This could either 
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Figure 8. SDSS, VLT, IGO and MagE spectra are plotted and labeled with the observation year in the top panel. The absorption lines 
are marked with dashed red lines and the emission lines are marked with dotted blue lines. The lower panels shows the ratio spectra 
between different epochs. The epochs of the ratio spectra and the difference between the corresponding MJD's are labeled in each panel. 



mean C iv is optically thin or the absorbing gas doesn't 
cover the background source. 



DISCUSSION ON VARIABILITY IN SDSS 
J2215-0045 



In the following section we discuss the implications of 
the observed variability in this source. 



Variability in broad absorption lines has several origins. The 
simplest explanations are (1) change in the ion izing con- 
dition, (2) proper motion of absorbing clouds (|Ma 20021 : 
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(days) 


(A) 


(A) 
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VLT-FORSl 
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1.14±0.04 


1.09±0.06 


SDSS 


IGO-2008 


2979 


1.27±0.04 


1.20±0.06 


SDSS 


MAGE 


3627 


1.23±0.04 


1.20±0.06 


SDSS 


IGO-2010 


3741 


1.17±0.04 


1.23±0.06 


VLT-FORSl 


MAGE 


2529 


1.04±0.06 


1.10±0.09 


IGO-2008 


MAGE 
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0.99±0.04 


0.99±0.06 


IGO-2008 


IGO-2010 


762 


0.94±0.04 


1.00±0.06 


MAGE 


IGO-2010 


114 


1.03±0.02 


1.07±0.03 


IGO-2010 


IGO-2011 


375 


1.05±0.04 


1.00±0.06 



^ Elapsed time in observers frame; ^ Over the observed 
wavelength range 4316— 4762A; Over the observed wavelength 



range 4809-5024A. 
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Figure 9. Normalized C IV absorption line, seen in VLT/UVES, 
MagE and IGO/IFORSl (in red/gray) spectra, is compared to 
the VLT/FORSl spectra obtained on MJD 52902 (black). In all 
these cases the continuum normalisation is done using lower order 
polynomials connecting the absorption free regions on either side 
of C IV absorption. 



Hamann et all l2008l: iLeighlv et al.| l2009l: iKrongold et all 



20101 : iRodrfguez Hidalgo et al.ll201ll : IVivek et al.ll2012l ) and 

(3) cover ing factor variability of the absorbing gas (see for 
example, ISrianand Sz SIiankaranaravananlll999l ) . 

In the case of SDSS J2215-0045 the variability in the 
Al in and Fe lll fine-structure lines are unambiguously es- 
tablished. As we do not have direct access to the column 
density of the Fe ill ground state absorption, it will be diffi- 
cult to draw any conclusion on the variations of the relative 
population of the excited level with respect to the ground 
level. However, we know in the case of photoionization mod- 
els Fe III will closely trace Al ill. Also the weakness of Al ll 
and the lack of Fe ll absorption is consistent with the range 
in the ionizati on parameter being very narrow (see discus- 
sion on this bv lde Kool et al]|2002l 'l. Thus any small change 
in the ionizing radiation will change both Al ill and Fe ill col- 
umn densities rapidly. Simple ionization change (even with- 



out changing the excitation temperature) will change the 
column density of Fe ill fine-structure levels. As discussed 
in Section 2, the light curve of SDSS J2215-0045 is consis- 
tent with the V-band photometric variability of > 0.2 mag. 
The actual variability in the UV range that controls the ion- 
iz ation state of the gas can be higher. From the Figs. 6 & 7 
of|dI Kool et"al] (|2002l ). it is apparent that the ion fraction 
of Fe III (and Al ill) can be significantly reduced even for a 
small change in the ionization parameter. Compared to the 
SDSS epoch, our IGO data was taken when the QSO was 
0.5 mag brighter. Therefore, the observed variability of Fe ill 
and Al ill lines is consistent with photoionization induced 
variability. 

The smallest timescale over which we have seen the vari- 
ation is between the SDSS in 2000 and VLT in 2003. This 
time period corresponds to a timescale of ~ 1.211 years in 
the quasar rest frame. The variability time scale can be used 
to constrain the electron density of the absorbing gas. For 
a moderately ionized gas rii > ni-i-i, t he recombination time 
scale can be approximated to (see ISrianand fc PetitieanI 
I2OOII ) 



tr = (near) 



(2) 



The variability time scale gives the recombination time scale, 
if the variations are assumed to be caused due to changes 
in optical depth. Using the recombination cross -section for 
Al II I given by the CHIANTI atomic database (|Dere et al.l 
Il997l . I2OO9I ) the lower limit on the electron density, Ue, is 
given by 



ric ^ 1.3214 X 10" ty/ 



(3) 



where, tyi is the elapsed time in years. The recombination 
coefficients are calculated for a temperature of 10,000 K. 
Putting tyr = 1.211 in the above equation results in an elec- 
tron density, We 1.091 x 10* cm~'^. This is coincident with 
b ut not as high a s wha t has been suggested by the models 
of Ide Kool etai] (|2002l '). However, the lack of variability in 
C IV under this scenario could mean that the absorbing gas 
has multiphase structure with C iv and Fe ill absorption 

originating from different ph ases. 

Models of FeLoBALs by iFaucher-Giguere et all (|2012l ') 
suggest the in situ formation of Fe BALs in the ISM of host 
galaxies by sh ocks induced by the Q SO blast wave. Going 
along this line, iRogerson et al.l l|201ll ) put forward a model 
where an accelerating, relatively low density wind collides 
with dense Fe lll clumps and produces the observed absorp- 
tion lines. Since Fe ill clumps are ablated in this process, 
the Fe ill troughs will decrease with time unless the wind 
encounters new clumps. The variability seen in the present 
system is consistent with this scenario. In this case, Fe ill 
absorption is produced from a distinct region (probably the 
ISM of the host galaxy) compared to that of C iv. However, 
as this time-scale should be shorter than sound crossing time 
for a T K gas we can write the cloud thickness as. 



AR 



0.01 X ty 

640 



-pc - 



6 X lO^^cm. 



(4) 



This is much smaller than the size of the UV continuum 
emitting region. This thickness is much less than what one 
gets from photoionization models. 

Recently several cases of emergence and subsequent dis- 
appearance of new components have been reported in the 
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litera t ure JMe] |2002| : iHamann eral] l2008l: iKrongold et all 



2OI0I; iLeighlv et all [2OO9I : iRodn'guez Hidalgo et all bOllF 
Vivek et al .1120121 ). In all these cases, the absorbing gas tran- 
siting perpendicular to our line of sight is considered as a 
viable explanation. Such an explanation can hold for the 
present case also. 

To investigate this scenario, we derive some basic pa- 
rameters for SDSS J2215-0045. The SDSS u and g mag- 
nitudes are converted in to B magn i tude following the 
transformation equation of IJester et al.l (|2005l ) obtained for 
z ^ 2.1 QSOs. We get the bolometric luminosity for this 
source from th e B magnitude as 2.7 x10*^^ erg s~^ using the 
prescription of lMarconi et al.] (|2004l ). The bolometric lumi- 
nosity corresponds to a black hole mass of 2. 2x10^ M0. The 
diameter of the disc within which 90% of the 2700 A contin- 
uum is emitted is obtained as 1.49x 10^® cm (--^ 46 times the 
Schwarzschild radius) as ex pected in a Shak ura & Sunyaev 
thin accretion disk model (|Hall et al.ll201ll ). Variability in 
SDSS J2215-0045 has occurred between the SDSS and IGO 
observations. If we take the number of days elapsed between 
the SDSS and IGO observations (3740 days in observer's 
frame or 1509 days in quasar frame) as an upper limit on 
the transit time of the gas, the transverse velocity of the 
gas can be estimated as v± ^ 1140 km s~^ if we assume 
the projected size of the gas to be much smaller than the 
emitting region and a face on disk. Based on the redshift of 
the Al III absorption we infer the line of sight velocity to be 
of the order of 15,000 km s~^. Therefore, like in the case of 
J1333-I-0012 l|Vivek et al.ll2012l ') the outflow should be very 
close to the line of sight such that the transverse velocity is 
much smaller than the line of sight velocity. 



tion line variability is not expected in these sources. How- 
ever, if the low ion absorption in these systems are due to 
ISM (or high density clump far away from the central QSO) 
being shock heated by QSO feedback then we do not find 
any evidence of this gas being ablated with time. Also, we 
can conclude that either the projected extent of the gas is 
larger than the continuum emitting region or the transverse 
velocity is small. 

If FeLoBALs are different set of population (where the 
absorption occurs far away from the the central engine), 
then comparing the occurrence of variability in these objects 
with those of HiBALs and LoBALs without fine-structure 
lines will throw light on the nature of BAL phenomenon in 
QSOs. 
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5 RESULTS & DISCUSSION 

We present the results of spectroscopic monitoring of 5 
FeLoBALs for a period of 10 years. We also present the 
photometric light curves of all these sources obtained from 
Catalina Real-Time Transient Survey. 

In one of these QSOs, SDSS J2215-0045, we detected 
the absorption line variability of Al ill and Fe ill fine- 
structure lines. However, there is no clear variation in the 
absorption profile of C IV absorption. Our results are consis- 
tent with low-ions and C iv originating from different com- 
ponents along the line of sight. The absorption line variabil- 
ity could be related to changes in the ionization state of the 
gas and/or to changes in the covering factor due to trans- 
verse motion of the gas. The light curve of SDSS J2215-0045 
suggests brightening of this QSO when the absorption line 
became weak. This together with the expected narrow range 
in the allowed parameters of the photoio nization models 
l|de Kool et al.1 12OO2I : iRogerson et al.l I2OIII ') means the ob- 
served variability can very well be explained by changes in 
the photoion ization rates. The dat a is also consistent with 
the models of lRogerson et akl (|201ll ) in which a shock heated 
cloud that produces Fe iii absorption being ablated produc- 
ing strong variations in the absorption strength. Regular 
photometric and spectroscopic monitoring of this source is 
needed to distinguish between these alternatives. 

In the remaining cases no significant variation in the 
absorption line is detected. As these sources do not show 
any strong flux variability photoionization induced absorp- 
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